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© A frequency synthesizer provided with a phase 
comparator (10) for comparing a feedback frequency 
with a reference frequency, a filter (12) connected to 
the phase comparator (10) and passing low fre- 
quencies, a voltage-controlled oscillator (14) con- 
nected to the filter (12), a multistage frequency con- 
verter (16) receiving the oscillation signal generated 
by the voltage-controlled oscillator (14), a frequency 
demultiplier for forming a feedback frequency by 



frequency-demultiplying the output of the multistage 
frequency converter (16). The multistage frequency 
converter (16) is constituted by connecting a plural- 
ity of frequency converters, which perform non-in- 
teger frequency-demultiplication, in series or in par- 
allel with each other. Consequently the ratio of the 
frequency-demultiplication can be set arbitrarily and 
finely. Thereby, no matter how the output frequency 
of the frequency synthesizer changes, the feedback 
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frequency inputted to the phase comparator can be 
set constant and high. Therefore, the reference fre- 
quency can be set as high as the feedback fre- 
quency too, independently of the spacing frequency 
between the output channels of the voltage-con- 
trolled oscillator (14), and the speed of Ziehen effect 
can be made very high. 



FIG. I 



PHABr 
DETECTOX 




LPF 










VCO 



fb 










r 


18 


t~ 




rixxD 




KOZ.TT6TACZ 

ctcle 

6WAU4WXS 




divides 


fa (fa) 



2 



1 



EP 0 563 400 A1 



2 



Technical Field 

The present invention relates to a frequency 
converter, multistage frequency converter and fre- 
quency synthesizer using these converters, all of 
which are used in the field of communication re- 
quiring a frequency synthesization, e.g. in the field 
of digital phase-locked system and the like. 

Background Art 

Fast frequency conversion is required in a fre- 
quency hopping system which is one of the spec- 
trum diffusion communications, mobile radio data 
communication and the like. Typical methods of 
synthesizing frequencies can be classified into 
three systems, that is, a direct synthesization for 
synthesizing many sources of frequency; an in- 
direct synthesization using a reference frequency 
corresponding to the smallest frequency increment 
and a phase-locked system and a digital^ syn- 
thesization for increasing the speed of the indirect 
synthesization. 

The indirect synthesization is broadly used in 
many fields of communication since the PLL fre- 
quency synthesizer constructed thereby can be 
reduced in size and cost and have a spurious 
smaller than that of the direct synthesization. 

However, the indirect synthesization is disad- 
vantageous in that since frequencies to be com- 
pared in phase are lower, the time constant in a 
low-pass filter must be increased to prolong the 
acquisition time when one frequency is to be 
switched to another frequency. If the frequencies to 
be compared in phase are increased to increase 
the acquisition time, the number of channels must 
be undesirably decreased. 

Fig. 38 illustrates the basic arrangement of a 
prior art frequency synthesizer constructed in ac- 
cordance with the indirect synthesization. The fre- 
quency synthesizer comprises a reference divider 
TOO, a divider 102, a phase detector 104, a voltage 
controlled oscillator (VCO) 106, a low-pass filter 
(LPF) 108 and a charge pump 110. 

The phase detector 1 04 compares the phase of 
a reference frequency fr generated at the base 
divider 100 with that of a feedback frequency fb 
obtained by dividing a VCO output frequency fo 
with the division ratio N of the divider 102. The 
output signal of the phase detector 104 is fed into 
the voltage controlled oscillator 106 through the 
charge pump 110 and the low-pass filter 108 so 
that the output frequency fo of the voltage con- 
trolled oscillator 106 will be a predetermined level. 
The relationship between the output frequency fo, 
the reference frequency fr and the division ratio N 
is represented by: 



f o = N • f r (1). 

It is understood from the equation (1) that since 
the reference frequency fr is constant, the output 

5 frequency fo varies depending on the division ratio 
N (N = any integer). Thus, the smallest frequency 
interval Af representing the spacing of output fre- 
quencies fo becomes equal to the reference fre- 
quency fr. Since the division ratio N and reference 

io frequency fr are interdependent, the division ratio N 
is automatically determined if the desired output 
frequency fo and reference frequency fr ( = Af) 
have been determined. 

In such a frequency synthesizer, if the refer- 

15 ence frequency fr is 25 kHz and when it is desired 
to obtain an output frequency fo equal to 1.400 
GHz, the division ratio N becomes equal to 56000. 
As the output frequency fo is switched from 1 .400 
GHz to 1.4126 GHz, the division ratio N must be 

20 switched from 56000 to 56504. 

In the prior art frequency synthesizer wherein 
the necessary frequency interval Af is set to be 
equal to the reference frequency fr, the reference 
frequency fr must be reduced if the frequency 

25 interval Af is small. This raises a problem in that 
the acquisition time cannot be decreased. 

In this connection, the reference frequency fr in 
the prior art frequency synthesizer has two func- 
tions to determine the smallest frequency interval 

30 Af in the output frequency and also to compare the 
phase of the reference frequency fr with that of the 
feedback frequency fb so as to generate a given 
output frequency fo. If the two functions of the 
reference frequency fr are separated so that the 

35 smallest frequency interval Af of the output fre- 
quency can be controlled by the other circuit, the 
reference frequency fr has only a role to oscillate a 
given frequency fo independently of changes in the 
smallest frequency interval Af. Thus, the frequen- 

40 cies fr and fb can be increased to shorten the 
acquisition time. Therefore, the prior art frequency 
synthesizer can determine the smallest frequency 
interval Af of the output frequency between the 
divider 102 and the voltage controlled oscillator 

45 106. When the integer divider is replaced by a non- 
integer divider and if the non-integer division ratio 
can be continuously and arbitrarily switched re- 
sponsive to the desired output frequency fo, the 
acquisition time can be reduced even if the fre- 

50 quency spacing is smaller. However, the conven- 
tional non-integer divider could not meet such re- 
quirements and could not be used in the frequency 
synthesizers. 

Some of the prior art non-integer dividers are 

55 disclosed in Japanese Patent Laid-Open Nos. Hei 
3-206721, Hei 3-131120, Hei 2-305022, Hei 2- 
271717, Hei 2-224558, Hei 1-238220, Hei 1- 
120910, Hei 2-101663, Hei 2-44557, Sho 60- 
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500593, Sho 63-290409, Sho 60-172808 and Sho 
60-172807, Japanese Utility Model Laid-Open No. 
Sho 55-121539, Japanese Patent Publication No. 
Sho 51-416, and Japanese Patent Laid-Open Nos. 
Sho 50 : 1 15460 and Sho 59-3555, for example. 

In view of the problems in the prior art, it is an 
object of the present invention to provide a fre- 
quency synthesizer which can reduce the acquisi- 
tion time. 

Another object of the present invention is to 
provide a frequency converter and multistage fre- 
quency converter which can be applied to the 
frequency synthesizer or the like by enabling the 
non-integer division ratio to be finely set. 

SUMMARY OF THE INVENTION 

The present invention provides a frequency 
converter comprises: 

a divider responsive to a pulse train having a 
predetermined frequency for performing a dividing 
operation with its variable integer division ratio; and 

a cycle swallower for receiving the output of 
the divider as a control input to remove pulses 
from the pulse train at a predetermined intervals, 
thereby providing an output signal having a fre- 
quency corresponding to a level non-integer times 
higher than the frequency of the input signal. 

The frequency converter can remove pulses 
from the input pulse train at a predetermined inter- 
vals to provide any frequency between input and 
output signals by dividing a signal from the input 
pulse train to form a control signal and yet provid- 
ing a variable integer division ratio. 

The present invention also provides a mul- 
tistage frequency converter which can be connect- 
ed in series and/or parallel to the frequency con- 
verters of the present invention. 

Each of the frequency converters defining the 
multistage frequency converter can have any con- 
verted frequency. Therefore, the multistage fre- 
quency converter can have a finely set division 
ratio which is a non-integer as a whole. 

In one aspect of the present invention, the 
multistage frequency converter comprises a plural- 
ity of frequency converters which are connected in 
series to each other, each of said frequency con- 
verters comprising: 

a divider responsive to a pulse train having a 
predetermined frequency for performing a dividing 
operation with its variable integer division ratio; and 
a cycle swallower for receiving the output of 
the divider as a control input to remove pulses 
from the pulse train at a predetermined intervals. 

In another aspect of the present invention, the 
multistage frequency converter comprises a plural- 
ity of frequency converters, each of said frequency 
converters comprising: 



a divider responsive to a pulse train having a 
predetermined frequency for performing a dividing 
operation with its variable integer division ratio; and 

a cycle swallower for receiving the output of 
5 the divider as a control input to remove pulses 
from the pulse train at a predetermined intervals, 

the output of one of said frequency converters 
being used as an input to the divider of the other. 

In still another aspect of the present invention, 
io the multistage frequency converter comprises a 
plurality of frequency converters, each of said fre- 
quency converters comprising: 

a divider responsive to a pulse train having a 
predetermined frequency for performing a dividing 
75 operation with its variable integer division ratio; and 

a cycle swallower for receiving the output of 
the divider as a control input to remove pulses 
from the pulse train at a predetermined intervals. 

the output of one of said frequency converters 
20 being used as an input to the divider of the other, 

two or more of said frequency converters being 
connected in series to each other. 

The present invention further provides a fre- 
quency synthesizer comprises: 
25 a phase detector for comparing a reference 

frequency with a feedback frequency; 

a filter connected to the phase detector for 
permitting the passage of a low frequency thereth- 
rough; 

30 a voltage controlled oscillator connected to the 

filter; 

a frequency converter for receiving an oscilla- 
tion signal from the voltage controlled oscillator, the 
frequency converter comprising a first divider re- 

35 sponsive to a pulse train having a predetermined 
frequency for performing a dividing operation with 
an integer division ratio and a cycle swallower for 
receiving the division output of the first divider as a 
control input to remove pulses from the pulse train 

40 at a predetermined intervals; and 

a second divider for dividing the output of the 
frequency converter to form the feedback frequen- 
cy. 

whereby the reference and feedback frequen- 
45 cies can be controlled to be equal to each other. 

In a further aspect of the present invention, the 
frequency synthesizer comprises: 

a phase detector for comparing a reference 
frequency with a feedback frequency; 
so a filter connected to the phase detector for 

permitting the passage of a low frequency thereth- 
rough; 

a voltage controlled oscillator connected to the 
filter; 

55 a multistage frequency converter for receiving 

an oscillation signal from the voltage control led 
oscillator as an input; and 

a first divider for dividing the output of the 
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multistage frequency converter to form the feed- 
back frequency, 

whereby the reference and feedback frequen- 
cies can be controlled to be equal to each other. 

Each of the aforementioned frequency syn- 
thesizers comprises a plurality of frequency con- 
verters or multistage frequency converters, each of 
which is constructed in accordance with the 
present invention. These multistage frequency con- 
verters can provide a division output having a sub- 
stantially constant frequency irrespectively of the 
frequency in the output signal of the voltage con- 
trolled oscillator since the non-integer division ratio 
can be finely set. The division output is formed into 
a feedback frequency by the first divider and then 
inputted into the phase detector. Thus, the feed- 
back frequency can be set to be higher, irrespec- 
tively of the output frequency of the voltage con- 
trolled oscillator. This means that the reference 
frequency to be compared with the feedback fre- 
quency can be also increased. In such a manner, 
the acquisition time can be greatly reduced. 

In a further aspect of the present invention, the 
frequency synthesizer comprises: 

a phase detector for comparing a reference 
frequency with a feedback frequency; 

a filter connected to the phase detector for 
permitting the passage of a low frequency thereth- 
rough; 

a voltage controlled oscillator connected to the 
filter; 

a first divider for dividing the oscillation signal 
from said voltage controlled oscillator; 

a frequency converter comprising a second 
divider responsive to a pulse train having a pre- 
determined frequency for performing a dividing op- 
eration with its variable integer division ratio and a 
cycle swallower for receiving the output of the 
divider as a control input to remove pulses from 
the pulse train at a predetermined intervals, said 
frequency converter receiving the division signal 
from said first divider as an input; and 

a third divider for dividing the output of said 
frequency converter to form said feedback fre- 
quency. 

said reference and feedback frequencies being 
controlled to be equal to each other. 

In a further aspect of the present invention, the 
frequency synthesizer comprises: 

a phase detector for comparing a reference 
frequency with a feedback frequency; 

a filter connected to the phase detector for 
permitting the passage of a low frequency thereth- 
rough; 

a voltage controlled oscillator connected to the 
filter; 

a first divider for dividing an oscillation signal 
from said voltage controlled oscillator; 



a multistage frequency converter for receiving 
the division signal from said first divider as an 
input; and 

a second divider for dividing the output of said 
5 multistage frequency converter to form said feed- 
back frequency, 

said reference and feedback frequencies being 
controlled to be equal to each other. 

Each of these frequency synthesizers may in- 
fo elude a fixed or variable divider which is inserted 
between the voltage controlled oscillator and the 
frequency converter or between the voltage con- 
trolled oscillator and the multistage frequency con- 
verter. Therefore, the signal to be inputted into the 
75 frequency converter or the multistage frequency 
converter can be reduced in frequency. Thus, the 
power consumption can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 is a block diagram showing the basic 
arrangement of the first embodiment of a frequen- 
cy synthesizer constructed in accordance with the 
present invention. 
25 Fig. 2 is a block diagram showing a frequency 

converter which defines a multistage frequency 
converter used in the frequency synthesizer of the 
first embodiment. 

Fig. 3 is a view showing the details of a cycle 
30 swallower in the frequency converter. 

Fig. 4 is a view showing the details of a divider 
in the frequency converter. 

Fig. 5 is a timing chart for illustrating detailed 
operations of various parts in the frequency con- 
35 verter. 

Fig. 6 is a view showing the arrangement of a 
multistage frequency converter which comprises a 
plurality of Fig. 2 frequency converters connected 
in series to each other. 

40 Fig. 7 is output waveforms at various parts of a 

multistage (three-stage) frequency converter in 
which three frequency converters are connected in 
series to each other. 

Rg. 8 is a view showing the entire arrangement 

45 of the frequency synthesizer which is the first em- 
bodiment of the present invention and includes a 
controller. 

Fig. 9 is a graph illustrating the acquisition time 
in a prior art frequency synthesizer when no bias 

so voltage will be applied to the voltage controlled 
oscillator and the divider will not be reset. 

Fig. 10 is a graph illustrating the acquisition 
time in the frequency synthesizer constructed ac- 
cording to the first embodiment of the present 

55 invention when no bias voltage will be applied to 
the voltage controlled oscillator and the divider will 
not be reset. 
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Fig. 11 is a graph illustrating the acquisition 
time in a prior art frequency synthesizer when a 
bias voltage will be applied to the voltage con- 
trolled oscillator on switching of the output fre- 
quency and the reference and fixed frequency 
dividers will be reset. 

Figs. 12 and 13 are graphs illustrating the 
acquisition time in the first embodiment of the 
frequency synthesizer according to the present in- 
vention when a bias voltage will be applied to the 
voltage controlled oscillator on switching of the 
output frequency and the reference and fixed fre- 
quency dividers will be reset. 

Fig. 14 is a graph illustrating the acquisition 
time in a prior art frequency synthesizer when a 
bias voltage equal to 95% of the normal bias 
voltage is inputted thereinto to grasp changes in 
the acquisition characteristic due to the frequency 
drift of the voltage controlled oscillator. 

Fig. 15 is a graph illustrating the acquisition 
time in the first embodiment of the frequency syn- 
thesizer according to the present invention when a 
bias voltage equal to 95% of the normal bias 
voltage is inputted thereinto to grasp changes in 
the acquisition characteristic due to the frequency 
drift of the voltage controlled oscillator. 

Fig. 16 is a graph illustrating output spectra in 
the first embodiment of the frequency synthesizer 
according to the present invention. 

Figs. 17 to 32 illustrate combinations of various 
division ratios in the frequency converters in the 
first embodiment of the present invention and their 
output frequencies. 

Fig. 33 illustrates various division ratios and 
output frequencies of the frequency converters in 
the first embodiment of the frequency synthesizer 
according to the present invention when a divider 
having a variable division ratio is used. 

Fig. 34 is a view showing the arrangement of a 
multistage frequency converter in which a plurality 
of frequency converters are connected parallel to 
each other. 

Fig. 35 is a view showing the arrangement of 
the second embodiment of a frequency synthesizer 
constructed in accordance with the present inven- 
tion. 

Figs. 36 and 37 illustrate the division ratio and 
output frequency of each of the frequency convert- 
ers in the multistage frequency converter of the 
frequency synthesizer of the second embodiment 
when a divider having a variable division ratio is 
used. 

Fig. 38 is a block diagram of the basic arrange- 
ment of a prior art frequency synthesizer. 



BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

The present invention will now be described by 
s way of example with reference to the drawings. In 
this connection, see International Conference on 
Communications. June 14-18, 1992, pp. 496-500, 
which had been published by the inventors. 

io First Embodiment 

Fig. 1 is a block diagram for illustrating the 
basic arrangement of the first embodiment of a 
frequency synthesizer constructed in accordance 

75 with the present invention. The frequency synthe- 
sizer comprises a phase detector 10, a low-pass 
filter (LPF) 12, a voltage controlled oscillator (VCO) 
14, a multistage frequency converter 16 and a fixed 
divider 18. In the frequency synthesizer of the first 

20 embodiment, the multistage frequency converter 16 
controlled by a new manner can be used to set a 
reference frequency fr and the smallest frequency 
interval Af independently. The reference frequency 
fr as well as a feedback frequency fb can be 

25 increased by using the same smallest frequency 
increment as that of the prior art frequency syn- 
thesizer and by decreasing the division ratio N in 
the fixed divider 18. At the same time, the loop 
gain can be increased. 

30 In Fig. 1, the multistage frequency converter 16 

comprises a plurality of non-integer frequency 
dividers connected to each other, each of which 
has a variable division ratio. The entire division 
ratio of the multistage frequency converter 16 can 

35 be thus set arbitrarily and finely. Therefore, the 
multistage frequency converter 16 can operate so 
that the input frequency fn of the fixed divider 18 
becomes constant irrespectively of changes in the 
output frequency fo of the voltage controlled os- 

40 cillator 14. If the input frequency fn of the fixed 
divider 18 is constant, the feedback frequency fb 
from the fixed divider 18 also becomes constant. 
As a result, the reference frequency fr to be com- 
pared with the feedback frequency fb can be made 

45 constant. Consequently, the smallest frequency in- 
terval Af representing the spacing in the output 
frequencies fo of the voltage controlled oscillator 
14 can be set independently of the reference fre- 
quency fr which can be thus increased. Since the 

so reference frequency fr is generally inversely pro- 
portional to the acquisition time, the acquisition 
time can be reduced by setting the reference fre- 
quency fr higher. 

Fig. 2 is a block diagram of one of the fre- 

55 quency converters which define the multistage fre- 
quency converter 16. The frequency converter 
comprises a divider 21 and a cycle swallower 22. 
The divider 21 functions to perform a dividing 
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operation with a division ratio M (M is an integer) 
such that an input pulse train having a frequency fo 
is divided to output a pulse train having a cycle 
multiplied by M. The outputted pulse train is then 
inputted into the cycle swallower 22 which in turn 
removes pulses from the received pulse train at a 
given timing. More particularly, if the pulse train 
having its frequency fo is received by the cycle 
swallower 22, the latter removes pulses from the 
pulse train at such a timing that a pulse train Pi is 
outputted from the divider 21 . 

Fig. 3 shows the detailed structure of the cycle 
swallower 22 which may be conventional, for exam- 
ple, as disclosed in Kingsford-Smith, C.A. Patent 
No. 3,928.813 (Washington. D.C.: U.S. Patent Of- 
fice, December 23, 1975). The cycle swallower 22 
comprises two J-K flip flops 24, 26 and an AND 
gate 28. Since the cycle swallower may be conven- 
tional as described, it may be replaced by any 
suitable means other than that of Fig. 3 if the same 
operation can be accomplished. v 

Fig. 4 shows the detailed structure of the di- 
vider 21 which may be conventional and comprises 
a programmable counter 30, an OR gate 32 and a 
read only memory (ROM) 34. Data read out from 
the ROM 34 is applied to the programmable coun- 
ter 30 as an initial count. When data from the ROM 
34 is changed, therefore, the initial count at the 
programmable counter 30 is also changed to vary 
the entire division ratio in the divider 21 . 

Fig. 5 is a timing chart illustrating the detailed 
operations of various parts in the arrangements 
shown in Figs. 2, 3 and 4. As shown in Fig. 5, each 
pulse is removed by the cycle swallower 22 at a 
timing next to one pulse Pi outputted from the 
divider 21. When pulses are removed at such a 
timing and, for example, if the division ratio in the 
divider 21 is assumed to be M (integer), the divider 
21 will function as a non-integer divider having its 
division ratio (1-1/M). By changing the value M, 
therefore, the entire division ratio (1-1/M) can be 
set arbitrarily and finely. 

Fig. 6 shows the arrangement of a multistage 
frequency converter which comprises a plurality of 
such frequency converters as shown in Fig. 2, 
these frequency converters being connected in se- 
ries to each other. Each of the frequency convert- 
ers 20-1, ... 20-i, ... 20-n corresponds to that of Fig. 
2. The division ratio Mi of each of the frequency 
converters can be independently set at any value. 

First-stage frequency converter 20-1 removes 
inputted pulses of the frequency fo at a time inter- 
val M1. First-stage output frequency f1 is: 

f1 = fo(1-1/M1) (2) 

The other frequency converters (20-i and oth- 
ers) similarly remove pulses. Thus, n-stage fre- 



quency converter 20-n will have an output fre- < 
quency fn: 

fn=fo(1-1/M1) ... (1-1/Mi) ... (1-1/Mn) (3) 

5 

Fig. 7 shows waveforms at various parts of a 
multistage (three-stage) frequency converter com- 
prising three frequency converters which are con- 
nected in series to each other. In such a case, the 
70 equation (3) is rewritten by: 

f3 = f0(1 -1 /M1 )(1 -1 /M2)(1 -1 /M3) (4) 

If it is now assumed that the multistage fre- 

75 quency converter 16 comprises three frequency 
converters connected in series to each other, the 
relationship between input and output frequencies 
meets the equation (4). 

Fig. 8 shows the entire arrangement of the 

20 frequency synthesizer of the present embodiment 
which includes a controller. The frequency syn- 
thesizer of Fig. 8 comprises a reference divider 40, 
a charge pump 42, an adder 44, a D/A converter 
46 and a controller 48 in addition to the compo- 

25 nents of the frequency synthesizer shown in Fig, 1 . 

The reference divider 40 produces a reference 
frequency fr. The charge pump 42 is connected 
between the phase detector 10 and the low-pass 
filter 12, with the output signal having three states; 

30 charge, discharge and open. On synchronization of 
frequency, the output of the charge pump 42 is in 
the open state. If the frequencies are greatly dif- 
ferent from each other, the output of the charge 
pump 42 becomes only the charge or discharge 

35 state. The adder 44 functions to provide a given 
bias voltage to the voltage controlled oscillator 14. 
This bias voltage Vr may be produced by convert- 
ing data from the controller 48 into a voltage by the 
use of the D/A converter 46. The controller 48 

40 functions to control the switching of output fre- 
quency fo at the voltage controlled oscillator 14. 

On switching the output frequency fo, the con- 
troller 48 feeds data to the D/A converter 46 which 
in turn outputs a given bias voltage Vr to control 

45 the input voltage at the voltage controlled oscillator 
14 into a given level. The controller 48 also outputs 
a reset signal which is used to initialize the fixed 
and reference dividers 18, 40. The controller 48 
further functions to provide an instruction to the 

so multistage frequency converter 16 so that the en- 
tire division ratio in the multistage frequency con- 
verter 16 will be set at a predetermined level. More 
particularly, the division ratio at each of the three 
frequency converters in the multistage frequency 

55 converter 16 is changed to change the entire di- 
vision ratio of the multistage frequency converter 
16, by changing data from the ROM 34 in the 
divider 21. Since the changing of frequency is 
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carried out by changing each of the values M1 f M2 
and M3 in the equation (4), the entire division ratio 
(i-1/Mt) • (1-1 /M2) • (1-1 /M3) of the multistage 
frequency converter 1 6 can be finely set to provide 
substantially any output frequency f3. 

As seen from the equation (4), the output fre- 
quency f3 can be made constant by suitably set- 
ting the division ratio (Mi) in each stage of the 
multistage frequency converter to remove any in- 
crement or decrement in the output frequency fo of 
the voltage controlled oscillator 14. Therefore, the 
division ratio N of the fixed divider 18 can be freely 
set irrespectively of changes in the output fre- 
quency fo. If the division ratio N is set to be 
smaller than the levels in the prior art, the feedback 
frequency fb can be set at a level much higher 
than those of the prior art loops. 

In the frequency synthesizer shown in Fig. 8, it 
is now assumed that the reference frequency fr or 
the smallest frequency interval Af is equal to 25 
kHz and that the output frequency fo is to be 
changed from 1.400 GHz to 1.4126 GHz. If such a 
change of output frequency fo is made by the use 
of the prior art frequency synthesizer, the division 
ratio N of the divider must be changed from 56000 
to 56504. In accordance with the frequency syn- 
thesizer of the present embodiment, however, all 
the aforementioned output frequencies fo can be 
provided by fixing the division ratio N of the fixed 
divider 1 8 to 550 and by setting both the feedback 
and reference frequencies fb, fr at 2.5 MHz while 
changing the division ratios Ml, M2 and M3 of the 
respective dividers in the multistage (three-stage) 
frequency converter 16 from 185, 112 and 276 to 
55, 294 and 192 t respectively. 

Figs. 17 to 32 illustrate various combinations of 
the division ratios M1, M2 and M3 of the dividers in 
the multistage frequency converter 16 when it is 
set such that the reference frequency fr is equal to 
2.5 MHz, the division ratio N of the fixed divider 18 
is 550 and the output frequency f3 of the mul- 
tistage frequency converter 16 is 1.375 GHz. As 
seen from these figures, the division ratios M1, M2 
and M3 can be selected such that the output 
frequency fo will be provided at every 25 kHz 
interval between 1.400 GHz and 1.425 GHz. The 
resulting 1001 output frequencies fo are provided 
within the error range of ±28 Hz. 

If the division ratios M1 t M2 and M3 cor- 
responding to 1001 frequencies which are provided 
at every 25 kHz interval between 1.400 GHz and 
1.425 GHz are previously stored in the ROM 34 
shown in Fig. 4, the 1001 output frequencies fo can 
be switched from one to another by changing the 
division ratios M1 , M2 and M3. 

Although the frequency synthesizers shown in 
Figs. 1 and 8 have been described as to the output 
frequency f3 of the multistage frequency converter 



16 being divided by the fixed divider 18 with the 
division ratio N, the fixed divider 18 may be re- 
placed by any other variable divider which can 
change the division ratio N. If such a variable 

5 divider is used, the division ratio N* thereof may be 
combined with the division ratios M1 t M2 and M3 
of the respective dividers in the multistage fre- 
quency converter 16 such that the feedback fre- 
quency fb can be made substantially constant, 

to irrespectively of the output frequency fo of the 
voltage controlled oscillator 14. 

If the frequency synthesizer is set such that the 
smallest frequency interval Af of the output fre- 
quency fo of the voltage controlled oscillator 14 is 

75 equal to 25 kHz, the reference frequency fr is equal 
to 2.5 MHz and the output frequency fo is changed 
from 1.400 GHz to 1.425 GHz, as described, the 
frequency error can be maintained within ±0.5 Hz. 
Fig. 33 shows an example that the division 

20 ratios M1 , M2 and M3 of the respective dividers of 
the multistage frequency converter 16 are com- 
bined with the division ratio N* of the variable 
divider in the above-mentioned manner. 

Although the multistage frequency converter 16 

25 has been described as to three frequency convert- 
ers connected in series to each other as shown in 
Fig. 2, the connection between the frequency con- 
verters may be varied in accordance with the 
present invention. 

30 Fig. 34 shows another arrangement in which 

the output of first-stage frequency converter 20-1 is 
applied to the divider of second-stage frequency 
converter 20-2. Similarly, the output of second- 
stage frequency converter 20-2 is inputted to the 

35 divider of third-stage frequency converter 20-3. In 
such a manner, the multistage frequency converter 
16 may be constructed even by using the output of 
any upstream-stage frequency converter as an in- 
put to the divider of the downstream-stage fre- 

40 quency converter. In such a case, the relationship 
between the input frequency fo and the output 
frequency f3 in the multistage frequency converter 
16 is represented by: 

45 fc = fo(1-(1-(1-1/M1)/M2)/M3) (5) 

When the frequency converters are connected 
parallel to each other as described, any adjacent 
pulse can be prevented from being removed by 

so each of the frequency converters in the multistage 
frequency converter 16. Thus, the phase jitter in 
the output frequency fc can be reduced. Although 
Fig. 34 illustrates three frequency converters con- 
nected parallel to each other, the number of fre- 

55 quency converters may be increased with any 
combination of parallel and series connections. 
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Second Embodiment 

Fig. 35 is a block diagram showing the basic 
arrangement of the second embodiment of a fre- 
quency synthesizer constructed in accordance with 
the present invention. The frequency synthesizer 
comprises a divider 50 having a division ratio K, in 
addition to the components of the frequency syn- 
thesizer shown in Fig. 1. The divider 50 is con- 
nected to the leading stage of the multistage fre- 
quency converter 16 and adapted to divide the 
output frequency fo of the voltage controlled os- 
cillator 14 with the division ratio K to form an output 
frequency fk which in turn is inputted into the 
multistage frequency converter 16. 

As the output frequency fo is increased in the 
frequency synthesizers shown in Figs. 1 and 8, the 
power consumption can be increased. As shown in 
Fig. 35, however, the power consumption can be 
prevented from being increased by interposing a 
fixed or variable divider 50 into the leading stage of 
the multistage frequency converter 16. More par- 
ticularly, the higher output frequency fo of the 
voltage controlled oscillator 14 is decreased to a 
lower frequency fk by the fixed divider 50. Pulse 
train having such a lower frequency fk can be 
inputted into the multistage frequency converter 16 
to reduce the power consumption greatly. 

Fig. 36 shows various combinations of division 
ratios when the multistage frequency converter 16 
comprises a plurality of frequency converters con- 
nected in series to each other. When the division 
ratio K of the divider 50 located in the leading 
stage of the multistage frequency converter 16 is 
equal to 1 0 and the reference frequency fr is equal 
to 1 MHz, the output frequency fo is changed at 
every 25 kHz frequency interval between 1.400 
GHz and 1.425 GHz. When the multistage fre- 
quency converter 16 of Fig. 35 comprises the 
frequency converters connected in series to each 
other as shown in Fig. 36, the error of the output 
frequency fo can be maintained within ±137 Hz. 

Fig. 37 shows various combinations of division 
ratio when the multistage frequency converter 16 of 
Fig. 35 is constructed as shown in Fig. 34. When 
the division ratio K of the divider 50 located in the 
leading stage of the multistage frequency converter 
16 is equal to 8 and the reference frequency fr is 
equal to 1 MHz, the output frequency fo is changed 
at every 25 kHz frequency interval between 1.400 
GHz and 1.425 GHz. As shown in Fig. 36, the error 
of the output frequency fo can be maintained within 
±23 Hz. 

Unlike the case of Fig. 33, the reference fre- 
quency fr in the examples shown in Figs. 36 and 
37 is set to be equal to 1 MHz. This is because if 
the reference frequency fr is set to be equal to 2.5 
MHz in the arrangement of Fig. 35, the output 



frequency fo may have a substantial interval error. 
By increasing the number of stages in the mul- 
tistage frequency converter 16 to four or more, 
however, the interval error in the output frequency 

s fo can be reduced even if the reference frequency 
fr is set to be equal to 2.5 MHz. 

When the frequency synthesizer shown in Fig. 
1, 8 or 35 is used, the reference and feedback 
frequencies fr, fb can be set much higher than that 

io of the prior art frequency synthesizer (e.g. 100 
times). At the same time, very fast acquisition time 
can be provided since the time constant in the low- 
pass filter can be decreased. Even if a bias voltage 
applied to the voltage controlled oscillator 14 in- 

75 eludes an error, the acquisition time can be faster 
that of the prior art frequency synthesizer. Particu- 
larly, when the bias voltage is applied to the fre- 
quency synthesizer at a level equal to 100% of the 
normal, the acquisition time can be extremely 

20 shortened to about one-tenth of a cycle of the step 
frequency (the smallest frequency interval Af). 

In order to confirm the characteristics of the 
frequency synthesizers constructed in accordance 
with the aforementioned embodiments of the 

25 present invention, the acquisition time in the fre- 
quency synthesizers of the present invention is 
compared with that of a prior art frequency syn- 
thesizer, using the following parameters: 

(1) Common parameters in all the frequency 
30 synthesizers 

Range of change in the output frequency fo: 
4.1 MHz-4.2 MHz 

The output frequency interval Af: 100 Hz 
Changes of the output frequency: 407 steps 
35 (407 frequency intervals) 

4.1001 MHz - 4.1408 MHz (40.7 kHz) 

(2) Parameters in the frequency synthesizer of 
the present invention shown in Fig, 8 

input frequency f3 of the fixed divider 18: 
40 4.0 MHz 

Reference frequency fr: 10 kHz 

Division ratio N of the fixed divider 18: 400 

(3) Parameters in the frequency synthesizer of 
the prior art shown in Fig. 38 

45 Reference frequency fr: 100 Hz 

Division ratio N of the divider 102: 41000 - 
42000 

Although both the frequency synthesizers of 
the invention and prior art have the same changes 

so of the output frequency, the frequency synthesizer 
of the present embodiment can use the multistage 
frequency converter 16 to increase the reference 
frequency fr and also to reduce the division ratio. 
Figs. 9 and 10 show the acquisition times in 

55 the frequency synthesizers of the invention and 
prior art when no bias voltage will be applied to the 
voltage controlled oscillator 14 and the divider will 
not be reset. As seen from Fig. 9, the acquisition 
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time in the prior art is equal to 7 sec. while the 
acquisition time of the present invention is equal to 
about 0.1 sec. It is understood that the frequency 
synthesizer of the present embodiment has its sub- 
stantially improved acquisition time, even though 
no bias voltage and reset signal will be applied 
thereto. 

Figs. 11, 12 and 13 show acquisition times 
obtained when on switching of the output frequen- 
cy fo, a bias voltage corresponding to a new output 
frequency is applied to the voltage controlled os- 
cillator 14 and the reference and fixed dividers are 
reset and initialized by the controller. 

Fig. 13 is one that the time axis (transverse 
axis) of Fig. 12 is enlarged. 

In such a case, the acquisition time in the prior 
art system shown in Fig. 11 is equal to about 600 
msec while the acquisition time of the present 
embodiment is highly improved to be equal to 
about one msec, as seen from Fig. 13. 

Therefore, the acquisition time in the frequency 
synthesizer of the present embodiment becomes 
about one-tenth of a cycle of the reference fre- 
quency (frequency interval) in the prior art fre- 
quency synthesizer. 

If it is assumed that the output frequency is 
ranged between 1.400 GHz and 1.425 GHz, the 
frequency interval being equal to 25 kHz and the 
reference frequency being equal to 2.5 MHz, the 
acquisition time of the present embodiment be- 
comes equal to four usee. 

When the reference frequency fr is increased 
to 25 MHz, the acquisition time must be equal to 
about 0.4 usee. However, the phase jitter in the 
output of the divider 18 will be substantially in- 
creased since the division ratio N therein is small- 
er. Thus, this unsuitably increases the spurious 
components in the frequency synthesizer. 

However, if the reference frequency fr is set to 
be 25 MHz immediately after switching of the fre- 
quency and then changed to 2.5 MHz, the acquisi- 
tion time can be reduced to a level smaller than 
four usee, and further to a level equal to or smaller 
than one usee. 

The voltage controlled oscillator 14 must be 
considered with respect to its frequency drift affect- 
ing to the acquisition time since the frequency drift 
depends on change in the temperature. 

Figs. 14 and 15 illustrate the acquisition times 
of the frequency synthesizers when a bias voltage 
equal to 95% of the normal bias voltage is inputted 
thereinto to grasp changes in the acquisition char- 
acteristic due to the frequency drift of the voltage 
controlled oscillator 14. As will be apparent from 
these figures, even if 5% drift is produced, the 
acquisition time of the frequency synthesizer ac- 
cording to the present embodiment can be within 
about four cycles of the step frequency (the chan- 



nel frequency interval Af). 

Fig. 16 shows the fact that the output spectrum 
of the frequency synthesizer according to the 
present embodiment has a reduced spurious. 

5 Although some preferred embodiments of the 

present invention have been described, it is of 
course understood that the present invention is not 
limited to these embodiments. For example, the 
multistage frequency converter 16, which com- 

70 prises a plurality of frequency converters connect- 
ed in series to each other as shown in Fig. 6 or 
parallel to each other as shown in Fig. 34, may be 
composed of a combination of series and parallel 
connections. 

75 Although the embodiments of the present in- 

vention have been described as to the frequency 
synthesizer which comprises the frequency con- 
verters shown in Fig. 2 or the multistage frequency 
converter as shown in Fig. 6 or 34, the frequency 

20 synthesizer may be replaced by any other circuit 
including a plurality of frequency converters or a 
multistage frequency converter. 



25 



35 



ADVANTAGES OF THE INVENTION 



As will be apparent from the foregoing, the 
present invention can have an increased reference 
frequency to provide a greatly shortened acquisi- 
tion time by utilizing a frequency synthesizer com- 
30 prising a plurality of frequency converters or a 
multistage frequency converter. This also enables 
the non-integer division ratio to be finely set. 



Claims 



1. A frequency converter comprising: 

a divider responsive to a pulse train having 
a predetermined frequency for performing a 
dividing operation with its variable integer di- 

40 vision ratio; and 

a cycle swallower for receiving the output 
of the divider as a control input to remove 
pulses from the pulse train at a predetermined 
intervals, thereby providing an output signal 

45 having a frequency corresponding to a level 

non-integer times higher than the frequency of 
the input signal. 

2. A frequency converter as defined in claim 1 
50 wherein said non-integer is (1-1 /M) where M is 

the division ratio of said divider. 

3. A multistage frequency converter comprising a 
plurality of frequency converters which are 

55 connected in series to each other, each of said 

frequency converters comprising: 

a divider responsive to a pulse train having 
a predetermined frequency for performing a 
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dividing operation with its variable integer di- 
vision ratio; and 

a cycle swallower for receiving the output 
of the divider as a control input to remove 
pulses from the pulse train at a predetermined s 
intervals. 

A multistage frequency converter comprising a 
plurality of frequency converters, each of said 
frequency converters comprising: io 

a divider responsive to a pulse train having 
a predetermined frequency for performing a 
dividing operation with its variable integer di- 
vision ratio; and 

a cycle swallower for receiving the output 15 
of the divider as a control input to remove 
pulses from the pulse train at a predetermined 
intervals, 

the output of one of said frequency con- 
verters being used as an input to the divider of 20 
the other. v 

A multistage frequency converter comprising a 
plurality of frequency converters, each of said 
frequency converters comprising: 25 

a divider responsive to a pulse train having 
a predetermined frequency for performing a 
dividing operation with its variable integer di- 
vision ratio; and 

a cycle swallower for receiving the output 30 
of the divider as a control input to remove 
pulses from the pulse train at a predetermined 
intervals, 

the output of one of said frequency con- 
verters being used as an input to the divider of 35 
the other, 

two or more of said frequency converters 
being connected in series to each other. 

A frequency synthesizer comprising: 40 

a phase detector for comparing a refer- 
ence frequency with a feedback frequency; 

a filter connected to the phase detector for 
permitting the passage of a low frequency 
therethrough; 45 

a voltage controlled oscillator connected to 
the filter; 

a frequency converter for receiving an os- 
cillation signal from the voltage controlled os- 
cillator, the frequency converter comprising a so 
first divider responsive to a pulse train having 
a predetermined frequency for performing a 
dividing operation with an integer division ratio 
and a cycle swallower for receiving the division 
output of the first divider as a control input to 55 
remove pulses from the pulse train at a pre- 
determined intervals; and 

a second divider for dividing the output of 



the frequency converter to form the feedback 
frequency, 

whereby the reference and feedback fre- 
quencies can be controlled to be equal to each 
other. 

7. A frequency synthesizer as defined in claim 6 
wherein said second divider is a fixed divider 
having a fixed division ratio. 

8. A frequency synthesizer as defined in claim 6 
wherein said second divider is a variable di- 
vider having a variable division ratio. 

9. A frequency synthesizer comprising: 

a phase detector for comparing a refer- 
ence frequency with a feedback frequency; 

a filter connected to the phase detector for 
permitting the passage of a low frequency 
therethrough; 

a voltage controlled oscillator connected to 
the filter; 

a multistage frequency converter for re- 
ceiving an oscillation signal from the voltage 
controlled oscillator as an input; and 

a first divider for dividing the output of the 
multistage frequency converter to form the 
feedback frequency, 

whereby the reference and feedback fre- 
quencies can be controlled to be equal to each 
other. 

10. A frequency synthesizer as defined in claim 9 
wherein said first divider is a fixed divider 
having a fixed division ratio. 

11. A frequency synthesizer as defined in claim 9 
wherein said first divider is a variable divider 
having a variable division ratio. 

12. A frequency synthesizer as defined in claim 9 
wherein said multistage frequency converter 
comprises a plurality of frequency converters 
connected in series to each other, each of said 
frequency converters comprising a second di- 
vider responsive to a pulse train having a pre- 
determined frequency for performing a dividing 
operation with its variable integer division ratio 
and a cycle swallower for receiving the output 
of the divider as a control input to remove 
pulses from the pulse train at a predetermined 
intervals. 

13. A frequency synthesizer as defined in claim 9 
wherein said multistage frequency converter 
comprises a plurality of frequency converters, 
each of said frequency converters comprising 
a second divider responsive to a pulse train 
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having a predetermined frequency for perform- 
ing a dividing operation with its variable integer 
division ratio and a cycle swallower for receiv- 
ing the output of the divider as a control input 
to remove pulses from the pulse train at a 
predetermined intervals, the output of one of 
said frequency converters being used as an 
input to the second divider of the other. 

14. A frequency synthesizer as defined in claim 9 
wherein said multistage frequency converter 
comprises a plurality of frequency converters, 
each of said frequency converters comprising 
a second divider responsive to a pulse train 
having a predetermined frequency for perform- 
ing a dividing operation with its variable integer 
division ratio and a cycle swallower for receiv- 
ing the output of the divider as a control input 
to remove pulses from the pulse train at a 
predetermined intervals, the output of one of 
said frequency converters being used as an 
input to the second divider of the other, two or 
more of said frequency converters being con- 
nected in series to each other. 

15. A frequency synthesizer comprising: 

a phase detector for comparing a refer- 
ence frequency with a feedback frequency; 

a filter connected to the phase detector for 
permitting the passage of a low frequency 
therethrough; 

a voltage controlled oscillator connected to 
the filter; 

a first divider for dividing the oscillation 
signal from said voltage controlled oscillator; 

a frequency converter comprising a sec- 
ond divider responsive to a pulse train having 
a predetermined frequency for performing a 
dividing operation with its variable integer di- 
vision ratio and a cycle swallower for receiving 
the output of the divider as a control input to 
remove pulses from the pulse train at a pre- 
determined intervals, said frequency converter 
receiving the division signal from said first di- 
vider as an input; 
and 

a third divider for dividing the output of 
said frequency converter to form said feedback 
frequency, 

said reference and feedback frequencies 
being controlled to be equal to each other. 

16. A frequency synthesizer as defined in claim 15 
wherein said third divider is a fixed divider 
having a fixed division ratio. 

17. A frequency synthesizer as defined in claim 15 
wherein said third divider is a variable divider 



having a variable division ratio. 

18. A frequency synthesizer comprising: 

a phase detector for comparing a refer- 
5 ence frequency with a feedback frequency; 

a filter connected to the phase detector for 
permitting the passage of a low frequency 
therethrough; 

a voltage controlled oscillator connected to 
10 the filter; 

a first divider for dividing the oscillation 
signal from said voltage controlled oscillator; 

a multistage frequency converter for re- 
ceiving the division signal from said first di- 
75 vider as an input; and 

a second divider for dividing the output of 
said multistage frequency converter to form 
said feedback frequency, 

said reference and feedback frequencies 
20 being controlled to be equal to each other. 

19. A frequency synthesizer as defined in claim 18 
wherein said second divider is a fixed divider 
having a fixed division ratio. 

25 

20. A frequency synthesizer as defined in claim 18 
wherein said second divider is a variable di- 
vider having a variable division ratio. 

30 21. A frequency synthesizer as defined in claim 18 
wherein said multistage frequency converter 
comprises a plurality of frequency converters 
connected in series to each other, each of said 
frequency converters comprising a third divider 

35 responsive to a pulse train having a predeter- 

mined frequency for performing a dividing op- 
eration with its variable integer division ratio 
and a cycle swallower for receiving the division 
output of the third divider as a control input to 

40 remove pulses from the pulse train at a pre- 

determined intervals. 

22. A frequency synthesizer as defined in claim 18 
wherein said multistage frequency converter 

45 comprises a plurality of frequency converters, 

each of said frequency converters comprising 
a third divider responsive to a pulse train hav- 
ing a predetermined frequency for performing 
a dividing operation with its variable integer 

so division ratio and a cycle swallower for receiv- 

ing the division output of the third divider as a 
control input to remove pulses from the pulse 
train at a predetermined intervals, the output of 
one of said frequency converters being used 

55 as an input to the third divider of the other. 

23. A frequency synthesizer as defined in claim 18 
wherein said multistage frequency converter 
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comprises a plurality of frequency converters, 
each of said frequency converters comprising 
a third divider responsive to a pulse train hav- 
ing a predetermined frequency for performing 
a dividing operation with its variable integer s 
division ratio and a cycle swallower for receiv- 
ing the division output of the third divider as a 
control input to remove pulses from the pulse 
train at a predetermined intervals, the output of 
one of said frequency converters being used io 
as an input to the third divider of the other, two 
or more of said frequency converters being 
connected in series to each other. 

75 
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band witdh • 300 Hz, center frequency : 4,l40.8KHz 

reference frequency (fr) : lOKHz 
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